Abstract: This paper presents an in-depth analysis of the semantic web contribution towards personalisation in e-learning content exploitation. The aim of this research work is to develop a framework for analysing the semantic web and ontological issues related with the design and implementation of high performance e-learning systems enabled by advanced semantic web and ontological engineering. Within this context the concept of personalisation is linked to the state of the art of semantic web and ontologies research. The main emphasis is paid to the management of personal profiles and identities. Real learning experiences are promoted through the definition of value-adding layers within semantic e-learning portals.
1 Introduction: the missing layers of learning performance in learning content diffusion
Semantic web (Davies et al., 2007; Vossen et al., 2007; Lytras, 2005) has contributed to numerous real world applications (Cardoso et al., 2008) , especially in the context of industry. Furthermore at governmental level there is significant funding on research concerning semantic web and ontologies. The initial vision of machine understandable data and interoperable intelligent infrastructures has been also revisited significantly. The need to develop infrastructures and data containers permitting high levels of adoptability and relevance to personal profiles with dynamic algorithms is a key requirement for the new wave of human intelligence through computer science. Cardoso et al. (2008) discussed in detail the requirements for semantic web applications emphasising mostly on the 'technical' aspects. A common pitfall in the context of semantic web argumentation is the difficulty to position the technical oriented agenda to the objectives and issues that semantic web technologies solve within real world context. E-learning, and the application of Information and Communication Technologies , towards more effective learning, is one of the most challenging contexts given the specific characteristics of the learning domain. The development of Dynamic E-learning Systems with increased capacities for personalisation requires the understanding of the complex 'learning' performance (Lytras and Pouloudi, 2006) . Several surveys and various researchers around the world link the learning performance with several 'dynamic' components (Lytras et al., 2005a-b) . The following list is not exhaustive but gives a good overview of the relevant rhetoric:
• Learners profiles -diverse characteristics related mostly with behavioural and psychological parameters require codification, assessment, and enhancement or exploitation within e-learning systems.
• Learning objects -the downsizing of learning content to meaningful units with manual, semi-automated and automatic procedures is a tough process (Lytras and Sicilia, 2005) . The initial enthusiasm for the promotion of learning objects standardisation seems to require significant efforts, which content providers are not willing to pay in most of cases.
• Learning contexts/learning processes -in any learning/didactical context it is of critical importance to organise the diffusion of content according to well defined learning strategies. This perfect match is not accomplished without significant effort. The definition of multiple dimensions related to learning exploitation requires the modelling of various complementary views of learning performance . Some approaches depict the important of psychological characteristics of learners while others emphasise on the capacity of content to be adopted on specific characteristics or learning. Both approaches recognise the need to define and to standardise the 'components' of modularity in the learning context (Lytras et al., 2002) .
• Learning community -the in fashion concept of learning communities, partially due to the promotion of Web 2.0 technologies, within 'established' educational systems is a challenge. The definition of learning services within communities and networks requires a deep analysis for the 'flow' of learning content and linking attributes.
• Learning services -the poor performance of the commercial e-learning platforms, in terms of learning services requires a deep reconsideration of priorities concerning the learning goals that are accomplished in the context of use of learning systems.
• Interactivity -interaction in e-learning systems is of critical importance. Most of commercial application apply a 'storage' perspective. In simple words in most of cases it is considered that the learning content integrated to a static learning path, will work towards high learning performance. The modelling of the learning experience if of critical importance. Both in formal and informal learning cases, the workflow of learning requires an integration of providers and users of learning/didactic units (Kanellopoulos et al., 2007) . Semantic web challenges the conceptual modelling of the learning context by promoting a manifesto where ontologies is nothing else but conceptual agreements for the key aspects of learning case. What seems amazing is the variety of 'different ontologies' as a result of a high intellectual process which must be done through the interaction of a whole community. In this way, interactivity and personalisation can be extended further and exploited in a meaningful way with a direct linking of conceptual models to personal and social characteristics.
• Integration of learners' interaction -In most of learning platforms supported by ICTs there is a key difficulty to define two-way interactions of learners with the knowledge/learning base. In simple words, it is almost impossible in most of implementations through dominant e-learning platforms to recognise the 'value adding' effect of learners contributions through personal assignments or essays to the learning outcome and knowledge base. Semantic web and relevant technologies exploit advanced 'knowledge mining' techniques, use effective annotation mechanisms, populate content databases with metadata that are contextualised within learning strategies. Sometimes the previous sentence can sound as a wishful thinking statement, but the challenge is still there: content must have incorporated different levels of 'utilisation', well defined capacities to be exploited in different ways by people or communities of different characteristics.
• Evaluation/Assessment -Assessment in an e-learning environment or in general in technology enhanced learning contexts requires a multidimensional consideration of parameters that must be measured in an objective way. Semantic web technologies and ontologies permit the representation of assessment ontologies and competencies ontologies that link learning with personal and team development. Several projects and high promising systems are currently developed aiming to integrate the gap between learning experience in technology enhanced environments and achievement or building of competencies and skills .
• Open Agoras of content -In our days it is exciting challenging the plethora of 'learning resources' of information and knowledge located in different places and also in marketplaces of content. The provision of learning marketplaces requires a global agreement on content structuring based on ontological considerations about learning.
Given this challenging context, implementing an effective technology enhanced learning solutions requires a well-defined strategy concerning both the pedagogical model and the integration of emerging technologies to the learning context. In the next section, we emphasise on some semantic web and ontological engineering aspects of learning portals towards personalisation (Lytras, 2006) .
Semantic e-learning: in the quest of personalisation
When dealing with semantic web based e-learning it is of critical importance to understand the context of contribution Sakkopoulos et al., 2006) . Then, in this section we will elaborate on the main facets of the learning performance directly linked to semantic web capacities for better performance. Let us from the beginning describe a context for our analysis.
Short case study description
"There is a tremendous need for a main Learning Portal Organization in Europe to redesign the value offering to learners and others members of a huge learning community. What is needed is a step forward concerning personalization of content and value adding services. Within the workflow of the Learning Portal, the dominant model relates with content contributions from senior authors/contributors and a continuous enrichment of content through an extensive 'knowledge mining' of resources. The Learning Portal Organization is also cooperating in an 'Agora' of learning resources, where interoperable systems are able to exchange information and learning content. The main issue to be addressed is a demonstrated gap in fulfilling learners expectations concerning their performance. It is discussed to exploit semantic web technologies towards a new era in the learning services of the learning portal. It is expected that this initiative will bring the learning portal closer to fast changing learning needs of our times."
Many studies have tried to analyse the requirements for effective learning in the online context. In our approach, we consider that the modelling of learning flow, or the modelling of the learning components is of critical importance. Considering that the case we summarised in few lines it is extremely interesting to specify which are the 'value components directly linked to learning context' from a semantic web perspective?
Ontologising knowledge flows/domain ontologies
From a learning content perspective it is evident that every knowledge/learning flow is linked directly to the 'constitutional elements' of each learning units. One of the greatest challenges nowadays relates with the provision of value adding layers of metadata to original concrete pieces of learning content Sampson et al., 2004) . The so called learning-objects manifestation and the consequent learning design approach recognises myopically that learning is a case of matching content to context. To an extend this consideration is valid to the level the required element are provisioned in an accurate level with quality assessment methods. What practice says is that there is a key performance gap in two levels: First of all learning objects lack in terms of metadata provision and more important there is a blur understanding of learning design approaches to real world learning contexts. A bold response to this issue relates with a dual response to the problem of learning content representation and diffusion. According to semantic web promises/milestones, several domain ontologies can map important scientific domains by providing critical knowledge storage infrastructures, helping the development of meaningful learning paths on the top of domain ontologies . Furthermore, it is similarly important to understand that given the investments for years in the development of learning material according to different pedagogical methodologies it is required to define in simple ways the structuring components of the learning context. According to complementary approaches for this it is required to develop and to standardise at a global level domain ontologies, ontologies of pedagogical objectives, ontologies of learning processes, as well as ontologies of learning contexts. So given our case some questions from a practical point of view require answers that can be implemented and functional: 
Semantic social-learning networking
Most of the dominant learning management systems in the market, demonstrate very poor performance concerning team learning. The poor vision concerning the team learning within a learning context is mostly due to the assessment methods, which seem to be outdated in an era where collaboration and team work are the contexts of business performance and personal development. The last years the evolution in social networks and collaborative communities' research shows a critical shift towards a new era of learning systems. As always there is a key argumentation when we are dealing with research and real world implementations. Several times industry is sceptical to adopt new ideas, new systems, or services. There is a critical need for new proposition to demonstrate their capacity to be adopted by end users or stakeholders of targeted organisations.
In the context of semantic web at a global level the specification of standards for the management of personal identities, has a great potential for the exploitation of this identity towards intelligent learning services. Matching personal identities that incorporate characteristics of learners to dynamic learning contexts is of critical importance. Towards this direction it is interesting to investigate units of parameterisation in learning environments.
Learning units/semantic annotation of content with semantics and metadata
Representing knowledge and learning objects is a key requirement for any technology enhanced learning environment. Semantic web technologies and specific languages like OWL and RDF can integrate learning objects components to exploitable graphs and structures. The parameterisation of a learning environment based on learning units it must be based on a clear definition of metadata elements that support multiple views of same content.
Learning processes/semantic modelling of processes/ ontological agreement
From a learning performance perspective, the exploitation of learning content must be seen in the context of various didactical/learning subprocesses which multiply the effect of learning. In current TEL approaches this requirements is rather difficult to be achieved. In a semantic e-learning environment we can promote extensive conceptual modelling techniques in order to summarise the underlying logic of content exploitation for learning purposes.
Learning scenarios/learning designs/learning context
The personalisation on a semantic e-learning environment based on scenarios/context or design requires an intelligent mechanism for the matching of learning needs to a variety of complimentary aspects of a unified approach to the design of learning context (Sicilia and Lytras, 2005a-b) . In simple words semantic web technologies, with rule languages and semantic web services can provide a palette of various well-defined aspects of the learning context. Rule languages and inference mechanisms can be used for the exploitation of different blocks of learning (Adamopoulou et al., 2007) . The implied logic behind the exploration in a personalised way of learning content and customised learning context is a key milestone towards semantic e-learning. In other words, it has to be paid critical effort on modelling the process and the context of learning.
Competencies plans -personal development programmes -semantic models
Semantic e-learning personalisation based on competencies plans is more demanding in terms of modelling. The modelling of skills and competencies it requires ontologies of skills and competencies as well as competencies development programmes based on learning experiences designed for people with specific profiles. From a semantic web perspective, such a step requires several ontological agreements towards interoperable content and competencies models. Competencies modelling and languages to represent Human Resource Management requirements exist but a lot effort has to be paid. Semantic web has also many to contribute in the context of semantic web services for competencies management.
Dynamic assessment -assessment ontologies
Personalisation in a semantic e-learning environment can be also based on dynamic assessment models/methods. One of the weakest points in e-learning is the 'narrow', 'simple' evaluation methods that are used. Semantic web technologies can support a new era of assessment by providing multiple layers and components for evaluation. Assessment ontologies can be also explored towards dynamic paths for content exploration.
Matching of knowledge gaps to personal learning programmes
The semantic mapping of knowledge gaps is a high intellectual process. The relevant semantic web technologies including, ontologies visualisation, ontologies mapping can support intelligent components in the next generation of semantic e-learning systems. Furthermore, agents can capitalise the machine understandable semantics in order to conclude to meaningful provision of content according to scalable levels of wisdom and learning performance. In the last years the European Union, funded several projects aiming to promote the semantic web vision in e-learning and knowledge management at European level.
An interesting project related to the vision for a new era of learning management systems is the case of OpenLearn initiative. Distance learning has traditionally been a fairly isolated activity, but the collaborative tools included in OpenLearn initiative changes this view from isolated learning to collaborative learning. OpenLearn 1 launched in October 2006 at The Open University, UK enables users to learn together. These is achieved through its functionalities using e-learning tools such as discussion forums, instant messaging, Flash meeting (The Open University's video-conferencing tool) and knowledge maps (a way of creating visual representations of ideas). OpenLearn material has been used by people who do not have the money to access higher education and because the content is in a digital form they can access it from home. Some other people has used OpenLearn as complement their existing studies, and finally other users found the project as they had previous relationship with The Open University.
Other organisations like Workers education Association 2 and the University of the third age 3 are also reusing the materials with their students. On the other hand, the Sussex Learning network 4 is using OpenLearn as a part of a e-learning project to help people with vocational skills.
In the next section, we go beyond the discussion for the merits of semantic web towards a new generation of personalised learning portals and we provide a real world implementation for a semantic learning portal.
3 Personalised e-learning portals: reconsidering the learning content diffusion
Personalisation approaches: learner profiles -learning objects match
Ontological interest-profiling would enhance retrieval methods in an e-learning scenario as the student can obtain the educational resources of interest quickly and tailored to user interest. A possible fix to this problem would have been to provide a keyword-based search engine. This class of solution, however, bears the known limitations that every body experienced with keywords-based search engines (e.g., unrelated matches). Consequently, we worked in a method which allows user to specify his/her interest and then search for articles that match these interests. The difference of our approach when comparing it with a keyword-based search engine is that the structure of interests is drawn from the underlying ontology. Hence, we deliberately impose a generic structure of interests to the user which contains the most important types of information one would typically find in the electronic newsletter of Knowledge Media Institute (KMI) called also KMI-corpus. This ontological structure is composed of the following items:
Research areas Research themes Organizations Projects Technologies People
All of these items are classes in the underlying KMI Planet ontology. The advantage of this is that we can go beyond the expected category name matching. We can reason about the categories selected by applying ontology driven deduction. For example, if Maria is interested in Research Area Genetic Programming, we would normally return all the articles that talk about that Research Area by employing the string-matching technique which might return zero matches. However, by using the ontological relations that hold between these categories we can find which Projects have as Research Area Genetic Programming and then search for articles that talk about these Projects. These would then be included in our answer set as potentially interesting articles although they do not explicitly mention the Genetic Programming Research Area. In the same manner, we can perform more inferences such as finding Technologies that have been used in Projects and People who are members or leaders of these Projects -which have as Research Area Genetic Programming -therefore inferring that these People might be a potential contact for information on Technologies for Genetic Programming. In terms of the underlying ontology structure, our aim is to take advantage of the rich definitions of classes. For example, the following OCML code is the definition of an instance of a KMI research and development project, the 'sharing ontologies on the web' project:
(def-instance project-sharing-ontologies-on-the-web kmi-r&d-project ((has-research-area res-area-ontologies res-area-knowledge-sharing-and-reuse) (project-application-domain organisational-learning) (addresses-theme theme-collaborating theme-communicating theme-reasoning) (has-project-leader maria vargas-vera) (funding-source org-european-commission) (has-goals "Enabling knowledge engineers to share ontologies on the web.") (has-web-address web-page-project-sharing-ontologies-on-the-web) (uses-technology lisp java tech-lispweb tech-ocml ) (associated-products tech-webonto tech-tadzebao )))
As we can see, this definition is sufficient for deducing facts related to the project's research areas, themes, application domain, leaders, etc. Thus, the deduction step involves a straightforward OCML query Motta (1999) . The OCML query defined below can be paraphrased as give me all people working in project either as project member or project-leader.
(def-relation involved-in-projects (?x ?project) :constraint (and (person ?x) (project ?project)) :sufficient (or (has-project-member ?project ?x) (has-project-leader ?project ?x)))
In the above query the reader can note that a variable in OCML is pre-fixed with the question mark symbol. As we can observe the OCML language provides support for defining operational options for each relation such as the: sufficient construct in our example above. Its purpose is to help characterise the extension of a relation. For the relation given above, it is sufficient to prove that a person is a member or leader of a project in order for the relation involved-in-project with arity 2 (i.e., two arguments) to hold.
We also store the selections a user makes, that is, we save the user's profile with respect to the selected interests. This profile can be edited later on as well as used for finding pro-actively articles that match it. The matching of interests in the KMI corpus is based on string matching but employs the notion of 'cue phrases' and 'cue words' which are associated with the instances of the categories given above. We use two meanings of 'cue': evidence and abstraction. A cue phrase, in our approach, is both an abstraction of the category that is associated with and evidence that the article which contains it is relevant to that category. For example, we define as a cue phrase for the Research Area Ontologies, the phrase 'knowledge sharing and reuse'. This is an abstraction of the term Ontologies. Whenever we find that phrase in an article we assume that this article is relevant to Ontologies. This finding is the evidence of relevance. Finally, we clarify that the notion of 'cue phrases' is not completely new as in the Computational Linguistic field is known as semantic markers.
This technique has been proved easy to apply and gave us a broader and more accurate answer set than the one we would get with a simple match of the category name. On the other hand, we need to be careful when we identify or devise cues for a particular category since a loosely defined cue phrase could result in loosely related articles. For example, the cue phrase 'the survival of the fittest' could be argued that is an abstraction of the Genetic programming Research Area since it describes Darwin's evolution theory used in Genetic programming. It might be risky to use it since it is loosely connected to the term Genetic programming and the possibility to get unrelated articles is high. We see this as a tradeoff, the more generic the cue phrases are the more phrases we can define or devise, the less generic the cue phrases are the less phrases we can define or devise. It is obvious that, with more cue phrases we can find more articles but the phrases cannot be too generic because this may result in unrelated articles. To resolve this problem, we had decided to perform a manual approach in identifying or even devising, whenever necessary, cue phrases for all the instances of the categories described above. In this way, we were able to judge by ourselves the 'closeness' of a cue phrase to a particular category by referring to literature resources, asking experts in that category for advice, etc. However, we are planning to automate this process to the maximum degree as this is a desired requirement in order to scale-up this approach. A suggested solution is to use machine learning techniques to learn cue phrases. For further explanation about ontology-based profiling refers to (Kalfoglou et al., 2001) .
Learning paths through ontological engineering
E-learning is an area which can benefit from semantic web technologies. Current approaches to e-learning implement the teacher-student model: students are presented with material (in a limited personalised way) and then tested to assess their learning. However, e-learning frameworks should take advantages of semantic services, interoperability, ontologies and semantic annotation. The semantic web could offer more flexibility in e-learning systems through use of new emergent semantic web technologies such as collaborative/discussion and annotations tools.
Annotation
Annotation is the activity of annotating text documents written in plain ASCII or HTML with a set of tags that are the names of slots of the selected class in an ontology. In particular, in an e-learning context, the ontology could include a class called Course with a slots entitled 'name' (indicating the name of the course), 'has-level' (year/difficulty of the course), 'has-provider' (educational establishment offering the course) and 'objectives' (indicating learning outcomes). Then documents can be annotated using any of these slots.
There are initiatives to standardise annotations using a common language. One of the major problems of this approach is 'who is going to do the annotations?'. Not many people are willing to annotate resources unless they can see an immediate gain in doing it. Therefore, alternative approaches should be considered, including (semi-)automated systems. This approach was taken in the student essay annotation system described later.
Annotation tools for producing semantic markup include Annotea (Kahan et al., 2001) , SHOE Knowledge Annotator (Heflin and Hendler, 2001) , the COHSE Mozilla Annotator (Bechhofer and Goble, 2001) , AeroDAML (Kogut and Holmes, 2001) , Melita and OntoMat-Annotizer (Handschuh et al., 2001) .
Annotea provides RDF-based markup but does not support information extraction nor is it linked to an ontology server. It does, however, have an annotation server which makes annotations publicly available.
SHOE Knowledge Annotator allows users to mark up pages in SHOE guided by ontologies available locally or via a URL. SHOE-aware tools such as SHOE Search can query these marked up pages.
The COHSE Mozilla Annotator uses an ontology server to mark up pages in DAML. The results can be saved as RDF.
AeroDAML is available as a web page. The user simply enters a URL and the system automatically returns DAML annotations on another web page using a predefined ontology based on WordNet.
Melita, like MnM, provides information extraction-based semantic annotation. Work on Melita has focused on Human-Computer Interaction issues such as limiting intrusivity of the information extraction system and maximising proactivity and timeliness in suggestions. Melita does not provide sophisticated access to the ontology, unlike MnM. In this sense Melita explored issues complementary to those explored in developing MnM and the two approaches could be integrated.
MnM (Vargas-Vera et al., 2002) is an annotation tool which provides both automated and semi-automated support for marking up web pages with semantic contents. MnM integrates a web browser with an ontology editor and provides open APIs to link up to ontology servers and for integrating information extraction tools. It is an early example of the next generation of ontology editors: web-based, oriented to semantic markup and providing mechanisms for large-scale automatic markup of web pages.
OntoMat, which uses the CREAM annotation framework, is closest to MnM in both spirit and functionality. Both allow browsing of predefined ontologies as a means of annotating the web pages displayed using their HTML browsers. Both can save annotations in the document or as a knowledge base. While MnM already provides automated extraction, this is currently only planned for OntoMat.
Ontologies
Ontologies are explicit formal specifications of the terms in the domain and the relations among them (Gruber, 1993) : they provide the mechanism to support interoperability at a conceptual level. In a nutshell, the idea of interoperating agents able to exchange information and carrying out complex problem-solving on the web is based on the assumption that they will share common, explicitly-defined, generic conceptualisations. These are typically models of a particular area, such as product catalogues or taxonomies of medical conditions. However, ontologies can also be used to support the specification of reasoning services (McIlraith et al., 2001; Motta, 1999; Fensel and Motta, 2001 ), thus allowing not only 'static' interoperability through shared domain conceptualisations, but also 'dynamic' interoperability through the explicit publication of competence specifications, which can be reasoned about to determine whether a particular semantic web service is appropriate for a particular task.
In summary, ontologies can be used in e-learning as a formal means to describe the organisation of universities and courses and to define services. An e-learning ontology should include descriptions of educational organisations (course providers), courses and people involved in the teaching and learning process.
A semantic web learning portal architecture: beyond learning objects
Research in e-learning has been concentrated around learning objects. However, authors believe that to offer courseware only using learning objects is a static view in an e-learning scenario. Students need to be supported in making connections in engaging critical analysis, in locating the right knowledge, in making sense of pedagogic narratives. Our proposal goes beyond learning objects, in fact, we propose to use semantic technologies in e-learning. Therefore, in this section describes our proposed architecture for a student semantic portal. Architecturally, a semantic portal consists of a user who has access to services, repositories and databases through an interface. Figure 1 gives an overview of the overall architecture in the e-learning scenario and specifies details of services in the e-learning domain. In this architecture, the first step would be registering each service with a registry (not shown), so that services can then be invoked through the service broker. The broker is a central component in this distributed architecture: it allows communication between service providers and requesters. In particular, it attempts to match a request for a service to the closest service that can provide that functionality. Services interact with resources and, in particular, subscribe to relevant ontologies. Other resources include databases and documents published on the internet.
We envision a scenario where educational services can be mediated on student behalf. The user/student will confirm that suggestions are acceptable. The advantage of having a semantic portal is that students need not look for courses distributed across many locations (unlike current solutions). Moreover, semantic services perform inferences in the background (taking into account student preferences) as opposed to having users manually searching the traditional way.
An e-learning portal might include services such as smart question-answering, exam marking, intelligent tutoring systems, online courses and a service to help students improve their essays. Of these services, we have so far dealt with the implementation of a question-answering service (AQUA) and SVE, a visualisation tool for student essays (Moreale and Vargas-Vera, 2003) . AQUA searches for answers in different resources such as ontologies and documents on the web. AQUA is described in detail elsewhere and we refer the reader to these papers (Vargas-Vera and Motta, 2004; Vargas-Vera et al., 2003) . We envisage the use of these components as part of a student semantic portal, seen as a door to obtaining knowledge which may be mediated by a set of semantic services (Moreale and Vargas-Vera, 2004) .
To illustrate the architecture, we will now go through an e-learning scenario. A student first searches for an online course (optionally specifying any constraints): the broker handles the request and returns a set of choices satisfying the query. If no course is found, the user can register with a notification service. Otherwise, the user may find a suitable course among the offerings and then makes a final decision about registering for the course.
Processing the registration can be seen as a complex service involving registering with the system (resource management), creating a confirmation notification, creating a student account (authentication/authorisation), providing learning materials (provide materials) and processing payment (booking and payment), if applicable. Once all this is in place, the student can start the course. As part of the course, a student will be logging on and checking her learning agenda (e.g., next assignment due). This request is answered by combining several sources of information, such as course schedule, current date and student progress to date (e.g., completed units).
Complex services can be obtained by combining simple services. In the simplest case, composition can be reduced to compose functions like in mathematics. If we take this perspective, then a semantic service is a function with parameters, preconditions and effects, input and output.
However, the combination of services can be more complex. Semantic services can be described as logic statements. Then the composition problem can be seen as merging logic statements with constraints. Work reported in (Vargas-Vera and Robertson, 1994; Vargas-Vera, 1995) describes an automatic system which combines logic programmes using programme histories. This approach could be adapted to the composition problem since each service can be seen as a logic programme and we also have histories for each service describing its functionality and restrictions imposed by the service creator. Further research needs to be carried out in this direction.
Another, equally important challenge, which needs to be addressed in the web services arena is that, when services are subscribed to different ontologies, then our framework has to deal with ontology mapping between ontologies. There are several approaches to ontology mapping such as the one taken in the GLUE system (Doan et al., 2002) ; Noy and Musen (2000) also developed a tool for ontology alignment.
Our architecture moves away from the traditional teacher-student model in which the teacher determines the learning material to be absorbed by students and towards a new, more flexible learning structure in which students take responsibility for their own learning, determine their learning agenda, including what is to be included and in what order. As well as having more choice, students also have wider access to semantic technologies such as annotation tools. At the other end of the spectrum, tutors are freed from the task of controlling the delivery of learning materials (which is now controlled by the student) and their role focuses more on the production of materials that stand on their own by being properly annotated so that they can be located in the correct contexts by semantic services.
There is clearly a lot more work needed to make this technology work well enough for large-scale deployment.
Further work may include implementing and evaluating a functional version of the portal with the components described here. More functionality could then be implemented or even simply be provided by invoking services made available elsewhere on the web. This would be a further step towards a really open system that realises the goal of a semantic web.
Based on our vision of an educational approach which is student-centred and in which educational services can be mediated on a student's behalf, this paper has presented a proposal for a distributed e-learning architecture composed of several e-learning services. Currently, two components have been developed. One component is AQUA, a question-answering system which looks for answers in different resources. The second component is a student essay service using a metadiscourse annotation schema for student essay. A visualisation service then also provide a visualisation of annotation categories relevant to the current question types. All the functionality described here is only part of what a full-fledged student semantic portal may eventually offer in the future.
Conclusions
The aim of this paper was to analyse the requirements for a new generation of intelligent learning management systems. The case of semantic learning portals was discussed and a real world system was presented. In the late 2008, we have planned a publication in Computers in Human Behaviour Journal, aiming to present additional characteristics of semantic learning portals. As a conclusion for this article we want to make bold the contribution of semantic web for more effective e-learning systems. It is also true that many disciplines have to converge and to contribute in order the technological capacities of semantic web to be integrated with fresh ideas on pedagogy and learning, closer to the needs of our modern interconnected societies. Towards a humanistic vision for the knowledge society, semantic learning portals is a key pillar of research in which we plan to contribute further.
